Chemical and Biological Properties of Xanthohumol

Subjects: Chemistry, Applied

Contributor: Ewa Oledzka

Xanthohumol (Xn), a prenylated chalcone found in Hop (Humulus lupulus L.), has been shown to have potent anti-aging,
diabetes, inflammation, microbial infection, and cancer properties.
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| 1. Introduction

Phytochemicals present in plants, herbs, and spices have recently shown promise not just for their antibacterial and
antiviral activities, but also for the treatment of cancer and chemoprevention . Hops are gaining importance in this
context. Hops (Humulus lupulus L., family Cannabaceae), or more accurately, the female plant’s flowers (cones), are
widely used in the brewing industry to provide a characteristic flavour and bitterness to beer. Depicting the traditional use
of hop, it has been used for the preservation and flavouring of alcohol-based beverages since 200 A.D., with therapeutic
treatments beginning as early as the ninth century &. When it was discovered in 79 A.D., it was popular as a vegetable,
but it was later utilised as a dye and a culinary flavour ingredient B4, It was also used in the production of coarse textiles
and paper. Hop plants were traditionally used as a sedative for treating sleeplessness and restlessness, as well as for
relieving ear discomfort, toothache, and loss of appetite [&. Currently, hop products are often used as dietary supplements
because of their hypnotic and anxiolytic characteristics, and they are utilized in the treatment of postmenopausal
symptoms in women. Furthermore, they are broadly applied in the cosmetic and pharmaceutical industries, owing to their
antibacterial and antiviral properties B8, Hop versatility lies in the fact that it possesses a wide range of physiologically
active compounds & Terpenes, bitter acids, and chalcones are the three main structural types of chemical substances
identified in hop mature cones. Hops are also rich in flavonol glycosides (kaempferol, quercetin, quercitrin, rutin) and
catechins (catechin gallate, epicatechin gallate) BlIl¥l. Hundreds of terpenoid components were found in the volatile oil
(0.3-1.0% of hop strobile weight): principally caryophyllene, farnesene, and humulene (sesquiterpenes) and myrcene
(monoterpene) 29, Bitter acids (5-20% of hop strobile weight) are phloroglucinol derivatives categorised as a-acids and
B-acids. Hops contain bitter acids in a complex combination with varying compositions and concentrations &, Aside from
the volatile oil and hitter acids, many prenylflavonoids have been identified in hop cones &, The most significant chemical
is chalcone xanthohumol (Xn, Figure 1) (up to 1% in dried hop cones), which can be converted to prenylfavanone
isoxanthohumol (1X) at a higher pH value and under thermal treatment [, As a result, IX is the primary prenylflavonoid
found in beer. Other chalcones isomerize to corresponding flavanones at concentrations 10-100-times lower than Xn. A
chalcone known as xanthogalenol (XG) has only been found in a few hop varieties. Desmethylxanthohumol (DMX), also
known as 2',4',6',4-tetrahydroxy-3'-C-prenylchalcone, has been determined to be the precursor of most flavonoids found in
hops. Through chemical isomerization, the major estrogen of hops is produced, identified as the 1:1 racemate (+)-8-
prenylnaringenin (8-PN), along with racemic 6-prenylnaringenin (6-PN). In humans, 8-PN has been shown to be derived
from 1X via activation by the gut microbiota or liver cytochrome P450 enzymes. Thus, estrogen-inactive Xn possesses the
estrogenic potential of being converted to 1X and then to 8-PN [BILLI2](13]
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Figure 1. Chemical structure of xanthohumol (Xn).



| 2. Structure and Chemistry of Xn

Xn (1-(2,4-dihydroxy-6-methoxy-3-[3-methylbut-2-en-1-yl] phenyl)-3-(4 hydroxyphenyl) prop-2-en-1-one) is usually
generated as solid yellow crystals with a melting point of 172 °C (Pubchem CID 639665) 8. It is insoluble in water and in
petroleum ether, and it can be crystallized in 50% alcohol, 50% acetone, acetic acid, chloroform, benzene and toluene. It
dissolves in strong alkali and in sulphuric acid, and it shows no optical activity. The mean value of its elementary analyses
is 72.0% C and 6.18% H (calculated for C5H»20s5: 71.2% C and 6.21% H) (24],

Xn's structure comprises of flavonoids chain with aromatic rings A and B arranged in the trans-position and substituted
with hydroxyl and methoxy groups, one unsaturated double bond a, 3, and a prenyl unit (Figure 1). Xn has biological
activity due to the existence of a,B-unsaturated ketone group. This compound’s lipophilicity is increased by substituting the
Aring with a prenyl unit and the -OCHj3 group, resulting in a high affinity for membranes in biological systems [2I6]123],

The spectroscopic and spectrophotometric characteristics of this compound are as follows:

14 NMR (DMSO-dg): 1.61 (3H, s, H-5"), 1.70 (3H, s, H-4"), 3.13 (2H, d, H-1"), 3.87 (3H, S, C6'0-CH3), 5.14 (1H, m, H-2"),
6.08 (1H, s, H-5'), 6.84 (1H, m, H-3 and H-5), 7.58 (1H, m, H-2 and H-6), 7.67 (1H, d, J = 15.6 Hz, H-B), 7.77 (1H, d, H-a),
and 14.69 (C2'-OH).

13C NMR (DMSO-dg): 17.7 (C-4"), 21.1 (C-1"), 25.5 (C-5"), 55.8 (C6'0O-CH3), 91.0 (C-5'), 104.6 (C-1'), 107.4 (C-3"), 116.0
(C-3 and C-5), 123.1 (C-2"), 123.8 (C-0), 126.1 (C-1), 130.0 (C-3"), 130.5 (C-2 and C-6), 142.6 (C-B), 160.0 (C-4), 160.6
(C-6"), 162.4 (C-4'), 164.7 (C-2'), and 191.7 (C=0). UV (MeOH): Anax = 368.1 nm (18],

FTIR (cm™): 974 trans -CH=CH-, 1027 substituted benzene, 1145 v(C-C) aromatic ring, v(-OH), 1228 dv(-OH), 1292 v(C-
C) aromatic ring, 1346 &(-OH), 1470 &(C-C), 1545 trans CH=CH-, 1606 vC=0, 2854 v4(-OCH3), 2967 v,¢ (-OCHj3), 3189
V(-OH), v(C-H) in aromatic ring 4.

It is also important to highlight the most recent literature investigation, in which scientists examined into the storage
stability and degradation mechanism of Xn 28], The authors discovered that this molecule degraded rapidly when exposed
to high temperatures and light. Furthermore, at high temperatures, Xn was susceptible to isomerization, hydration, and
ortho-cyclization processes, resulting in the creation of a variety of degradation products. According to the data, Xn
degraded according to a first-order kinetic model.

| 3. Biological Properties of Xn

Xn has a broad variety of pharmacological activities against diabetes, inflammation, viral infection, cardiovascular disease,
and cancer 9. Xn and its related flavone, 1X, reduce adipogenesis by blocking preadipocyte differentiation, decreasing
lipogenic proteins, and enabling mature adipocytes to undergo mitochondrial apoptosis 2224, Furthermore, Xn treatment
raised the AMP-activated protein kinase (AMPK) signalling pathway, inhibiting lipogenesis in a type 2 diabetes mellitus
(T2DM) mouse model. Its consumption reduced body weight gain and enhanced plasma lipid profile, with substantial
improvements in insulin resistance and glucose tolerance. By modulating glucose and lipid pathways, an Xn-enriched diet
may be able to alleviate diabetic-associated metabolic abnormalities 22, The modulating action of Xn on the farnesoid X
receptor (FXR) in vitro and in vivo has also been examined by Nozawa et al. [23. The authors proved that in the transient
transfection test, Xn boosted the activity of the human bile salt export pump (BSEP) promoter-driven luciferase in a dose-
dependent manner. Xn-fed KK-AY mice had decreased levels of plasma glucose, plasma, and liver triglyceride. They also
had lower water consumption, lower white adipose tissue weights, and higher plasma adiponectin levels, showing that Xn
prevented diabetes in KK-AY mice. Xn also addresses skin aging and pigmentation while promoting photoprotection, thus
making it an effective component for the cosmetics industry. In the light of this, the effects of Xn on melanogenesis in
MNT-1 human melanoma cells and normal human melanocytes from darkly pigmented skin (HEM-DP) were studied in the
publication 24, Melanosome degradation was also investigated in human keratinocytes (HaCaT). The researchers
discovered that Xn reduced the production of melanin in MNT-1 cells while increasing intracellular tyrosinase activity
without changing Reactive Oxygen Species (ROS) levels. Xn inhibited cellular tyrosinase activity in HEM-DP cells without
affecting synthesis of melanin. Xn also limited melanosome export by reducing dendrite number and length. Further tests
in HaCaT cells demonstrated that Xn caused melanosome degradation without cytotoxicity 24. The authors of the other
study 23] explored Xn as an anti-aging substance by favourably regulating the extracellular matrix. They examined how Xn
influenced the activities of elastase and matrix metalloproteinases (MMPs, MMPs 1, 2, and 9), as well as the expression
of collagen, elastin, and fibrillins in dermal fibroblasts. It was discovered that Xn inhibited elastase and MMP-9 activities at
low concentrations while activating MMP-1 and MMP-2 at higher concentrations. The research results were similar to
those of ascorbic acid (25, It is also worth noting the work of Kang and colleagues, who investigated the effects of Xn and



related compounds on the production of interleukin (IL)-12, the most important factor driving T helper 1 immune response
(28] Xn had the greatest inhibitory effect on IL-12 production in macrophages stimulated by lipopolysaccharide (LPS) or
LPS/interferon-y. Furthermore, it was determined whether Xn reduced skin inflammation. Chronic allergic contact
dermatitis, an experimental model for psoriasis, was used to assess the anti-inflammatory effects of Xn in vivo. It was
established that Xn treatment reduced the degree of ear thickening caused by oxazolone 28, Furthermore, five strains,
Propionibacterium acnes, Staphylococcus epidermidis, Staphylococcus aureus, Kocuria rhizophila, and Staphylococcus
pyogenes, were chosen for testing the biological activities of Xn extract on acne vulgaris. Xn demonstrated strong
inhibitory activity against all strains. Furthermore, it showed moderate to strong anticollagenase inhibitory activity.
Antioxidant capacity was also assessed using seven different methods based on various ROS. Xn had the highest activity
in both total oxygen radical absorbance capacity and singlet oxygen absorbance capacity 4.

The modern cosmetics industry provides its customers with a wide range of products, many of which are holistic in nature.
This is achieved by combining synergistic active ingredients in novel ways or by utilising the multifunctionality of a single
component. Xn should be considered a substance that meets both of the above criteria because, in addition to the anti-
aging and anti-pigmentation properties mentioned above, as well as photoprotection, it also possesses antibacterial,
antiviral, antimalarial, and antifungal properties.

3.1. Antibacterial Activity

Previously, the ability of Xn to inhibit the growth of Gram-positive Staphylococcus aureus, a pathogen commonly found in
pneumonia and sepsis, was compared to antibiotic activity against Escherichia coli. This compound was discovered to
inhibit Escherichia coli proliferation while being a potent inhibitor of Staphylococcus aureus with a minimal inhibitory
concentration (MIC) of 17.7 uM 28, |n addition, Xn was tested against three strains of Streptococcus and its activity was
compared to that of some essential oils commonly found in anticaries mouth washes 2. Xn demonstrated antimicrobial
activity against Streptococcus mutans, Streptococcus salivarius, and Streptococcus sanguis in a disc diffusion assay. Xn
(140 nmol) produced similar zones of inhibition against all three strains at a dose of 50 ug per disc as thymol (333 nmol).
Furthermore, the MIC of Xn from hop extracts ranged from 10 to 50 pyg/mL for Clostridium perfringens strains and from 15
to 60 pg/mL for Bacteroides fragilis strains, indicating that this molecule is more effective against these two strains than a-
and B-acids 22, Based on Xn's potent antibacterial effects on Clostridium difficile, as well as its low toxicity and favourable
pharmacokinetics, this molecule was being considered as a promising therapeutic agent for the treatment and prevention
of Clostridium difficile infections. The data showed that the MIC and minimum bactericidal concentrations of Xn ranged
from 32 to 107 pg/mL and from 40 to 107 pg/mL, respectively 2230,

Latest in vivo studies on the bioavailability of Xn in rats revealed that this chalcone and its metabolites are primarily
excreted in faeces 3. As a result, it was interesting to evaluate if Xn could influence the intestinal microbiota. Hanske et
al. used polymerase chain reaction denaturing gradient gel electrophoresis (PCR-DGGE) to investigate the composition of
rat intestinal microbiota. In comparison to untreated controls, daily Xn applications to male and female Sprague Dawley
(SD) rats for 4 weeks had no effect on the diversity of the faecal microbial community 2. Added to that, the purified
extracts, which comprise a- and (-acids, as well as Xn, were examined in vivo for their inhibitory action against
Clostridioides difficile, a prominent pathogen responsible for nosocomial gastrointestinal infections in humans B3I34, The
researchers developed a rat model for this pathogen attacking the peroral intestinal tract. Both Xn and hop acids were
discovered to have substantial antibacterial activity. The Xn application, in particular, showed antibacterial activity as well
as a reduction in local inflammatory symptoms in the large intestine 231,

3.2. Antifungal Activity

There have been only a few investigations on the antifungal activity of Xn. However, it was discovered that this compound
was a potent antifungal agent against five human pathogenic fungi, namely Trichophyton mentagrophytes, Trichophyton
rubrum, Candida albicans, Fusarium oxysporum, and Mucor rouxianus 28, Xn inhibited the growth of the dermatophytic
fungi Trichophyton mentagrophytes and Trichophyton rubrum more effectively than the positive control griseofulvin (MIC:
6.25 pg/mL). Xn also inhibited Mucor rouxianus (MIC = 50 pg/mL). Candida albicans and the problematic human
pathogen Fusarium oxysporum, on the other hand, were unresponsive to Xn (MIC > 200 pg/mL).

3.3. Antiviral Activity

In 2004, Buckwold and coworkers tested Xn against a number of DNA and RNA viruses in vitro 33 As RNA viruses,
bovine viral diarrhoea virus (BVDV), a surrogate model for hepatitis C virus, and human rhinovirus (HRV) were included.
In addition, the DNA herpesviruses cytomegalovirus (CMV) and herpes simplex virus types 1 and 2 (HSV-1 and -2) were
used to test antiviral activity of Xn. The inhibitory effects of this chalcone against BVDV (NADL strain in MDBK cells), HRV



(rhinovirus 14 strain in MRC-5 cells), HSV-1 (F strain in Vero cells), and HSV-2 (MS strain in Vero cells) were assessed
using cell-based assays designed to assess inhibition of cytopathic effects (CPE). In MRC-5 cells, CMV (strain AD169)
was tested in a plaque reduction assay. The authors discovered that Xn potently inhibited the growth of BVDV, CMV, HSV-
1, and HSV-2. The half-maximal inhibitory concentrations (ICsg) values of Xn to inhibit viral replication ranged from 1.5 to
2.7 yg/mL. Xn, on the other hand, exhibited no antiviral activity against HRV. An Xn-enriched extract was also tested in the
same study. The Xn in the extract appeared to account for almost all of the extract’s antiviral activity, as the therapeutic
indices Tl (TCs0/IC5p) of this compound against BVDV, HSV-1, and HSV-2 were comparable to those of the Xn-enriched
extract 231, Additionally, Wang and coworkers investigated the ability of Xn to inhibit various steps required for HIV-1
replication B8, In C8166 lymphocytes infected with HIV-1;,5, Xn was found to inhibit HIV-1-induced CPE, as well as viral
p24 antigen production and reverse transcriptase activity as measures of active retroviral replication, with ICsq values of
2.3, 3.6, and 1.4 uM, respectively. With an ICsy value of 58.5 uM, this chalcone also inhibited HIV-1 replication in
peripheral blood mononuclear cells. In this study, Xn had no effect on recombinant HIV-1 reverse transcriptase activity or
HIV-1 entry into cells 38, |t is also worth noting that Liu et al. examined the therapeutic effect of Xn against highly
pathogenic porcine reproductive and respiratory syndrome viruses (PRRSV) BZ. The authors discovered that Xn had a
low ICsq value for inhibiting PRRSV infection in porcine primary alveolar macrophages (PAMs). Furthermore, it reduced
the expression of interleukin (IL)-1, IL-6, IL-8, and tumour necrosis factor a in PRRSV-infected or lipopolysaccharide-
treated PAMs. Xn effectively alleviated clinical signs, lung pathology, and inflammatory responses in pig lung tissues
induced by highly pathogenic PRRSV infection, according to animal challenge experiments 27

The pandemic of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has resulted in substantial worldwide morbidity and mortality, with significant financial and social
repercussions 8. Coronavirus's main protease (MP©) is crucial for viral replication and transcription, making it an
appealing drug target for antiviral drug development. Lin et al. identified Xn to be a potent pan-inhibitor for various
coronaviruses by targeting MP™, including B-coronavirus SARS-CoV-2 (ICsq value of 1.53 uyM) and a-coronavirus PEDV
(ICgq value of 7.51 yM). In enzymatic assays, Xn inhibited MP™® activities, while pretreatment with this molecule inhibited
the SARS-CoV-2 and PEDV replication in Vero-E6 cells 8l Furthermore, Dabrowski et al. investigated the impact of Xn
on the inflammatory response and clinical outcome of COVID-19 patients B3, As a result, adult patients with acute
respiratory failure (PaO,/FiO, less than 150) were examined. In this study, patients were randomly assigned into two
groups: Xn—patients who received adjuvant treatment with Xn at a daily dose of 4.5 mg/kg body weight for 7 days, and C
—controls. Observations were carried out at four points: immediately after admission to the intensive care unit (ICU), as
well as on the third, fifth, and seventh day of treatment. The inflammatory response was measured using plasma IL-6
levels, neutrophil-to-lymphocyte ratios (NLR), platelet-to-lymphocyte ratios (PLR), C-reactive protein (CRP), and D-dimer
levels. The death rate was calculated 28 days after ICU admission. The researchers discovered that 72 patients were able
to participate in the study, and 50 were included in the final evaluation. The Xn group had a lower mortality rate and a
shorter clinical course than the control group (20% vs. 48%, p < 0.05, and 9 * 3 days vs. 22 + 8 days, p < 0.001).
Furthermore, Xn treatment significantly reduced plasma IL-6 concentrations (p < 0.01), D-dimer levels (p < 0.05), and
NLR (p < 0.01) compared to standard treatment 22,

3.4. Antimalarial Activity

Malaria, caused by protozoan parasites of the genus Plasmodium, constitutes one of the most common infectious
diseases and an important problem for public health. Only four Plasmodium parasite species have the ability to infect
humans. Plasmodium falciparum and Plasmodium vivax, however, cause the most severe forms of the disease 49, Xn is
one of the structural classes for which antiplasmodial/antimalarial activity has been reported with great interest in the
scientific community in the recent times [28]. Herath et al. have previously reported the microbial transformation of Xn with
Cunninghamella echinulata NRRL 3655 and the evaluation of these products for cytotoxicity towards mammalian cell lines
as well as possible antimicrobial and antimalarial properties. The authors demonstrated that Xn and its microbial
transformation products were antimalarial against Plasmodium falciparium D6 (chloroquine sensitive) and W2
(chloroquine resistant) strains. This chalcone was active against D6 and W2 strains, with ICsq values of 3.3 and 4.1
ug/mL, respectively B4, |n addition, the in vitro antiplasmodial activity of Xn and seven natural or semi-synthetic
derivatives against two different strains of Plasmodium falciparium (chloroquine-sensitive strain poW and the
multiresistant clone Dd2 using a [3H]hypoxanthine-incorporation assay), as well as their interaction with GSH-dependent
haemin degradation, were evaluated. Xn was the most active chalcone in this study, with ICsg values of 8.2 + 0.3 pm
(poW) and 24.0 £ 0.8 um (Dd2).



3.5. Antiplatelet Activity

I would also like to briefly discuss Xn's antiplatelet activity. It has previously been claimed that Xn is responsible for a
decreased risk of cardiovascular disease by reducing the probability of platelet hyperreactivity during thrombosis 42, As
an instance, this chalcone considerably reduced ADP-induced blood platelet aggregation and fibrinogen receptor
expression on platelet surfaces in C57BL/6J wild-type male mice 3!, Xn reduced platelet activation in C57/BL6 mice and
SD rats by decreasing ROS accumulation and inhibiting the cellular damage factor mtDNA-induced DC-SIGN-dependent
pathway, hence avoiding arterial and venous thrombosis without inducing bleeding 4!, Lee et al. found that Xn inhibited
the phosphorylation of phospholipase C (PLC)y2, p38 mitogen-activated protein kinase, extracellular antiregulated kinase
1/2, JNK1, and Akt, leading to decreased thromboxane A2 formation and Ca?* mobilisation 2948l Nonetheless, Xin et al.
discovered that Xn has antiplatelet and antithrombotic properties, which may reduce ROS accumulation by upregulating
sirtuinl (SIRT1) expression, followed by inhibition of mitochondrial dysfunction and a reduction in respiratory disorders as
well mitochondrial hyperpolarization #4l. Another recent study found that this molecule could be beneficial in arrhythmias
(48] The effects of Xn (5-1000 nM) on Ca?* signalling pathways were investigated in isolated rat ventricular myocytes
incubated with Fluo-4AM using the perforated patch-clamp technique. The authors discovered that 5-50 nM Xn
decreased the frequency of spontaneously occurring Ca?* sparks and Ca?* waves in control myocytes and cells subjected
to Ca®* overload. It also reduced the Ca?* content of the Sarcoplasmic Reticulum (SR) and its rate of recirculation. Lastly,
multiple investigations evaluating the potential of Xn in cancer treatment have discovered that it is effective in vitro and in
vivo against a variety of cancer models: breast and cervical cancers, cholangiocarcinoma, glioblastoma, colon, colorectal,
haematological, laryngeal, liver, ovarian, pancreatic, prostate, thyroid, and oesophageal cancers, melanoma, and oral
squamous cell carcinoma have all been studied [LIAIBIAGIATIA8IA9S051N52]53] A5 a result, these findings will not be

replicated in this research.

3.6. Safety of the Xn Use

Throughout various activity studies, the impact of Xn on normal cells was additionally examined. In normal cells, such as
human lung fibroblast cells (MRC-5), primary human hepatocytes, oligodendroglia-derived cells (OLN-93), and human
skin fibroblasts, Xn demonstrated very low or no toxicity 8. These outcomes indicated that Xn was specifically targeting
cancer cells; however, Xn may be a safe and effective agent. Similar results were obtained in vivo. Vanhoecke and
coworkers presented the findings of a four-week safety study of Xn in mice. The daily administration of 23 mg/kg body
weight (b.w.) showed no signs of toxicity in bone marrow, liver, exocrine pancreas, kidneys, muscles, thyroid, or ovaries.
The data indicate that oral administration of Xn to laboratory mice does not affect major organ functions and opens the
gate for further safety studies in humans B4, Furthermore, Hussong et al. explored the sub-chronic toxicity of Xn in female
SD rats at daily doses up to 1000 mg/kg j.w. for 4 weeks, which causes mild hepatotoxicity in animals, but has no effect
on reproduction or the development of two generations of offspring when given at a daily dose of 100 mg/kg b.w.
Furthermore, the authors found that the treatment of male rats prior to mating significantly (p = 0.027) increased the sex
ratio of male to female offspring. Overall, lifelong treatment at a daily dose of 100 mg/kg b.w. in a two-generation study did
not affect the development of SD rats 251,

3.7. Biotransformation, Pharmacokinetics and Clinical Applications of Xn

The available literature confirms the use of Xn, but there are several barriers between basic research and clinical practice
(48 The primary concern is its low bioavailability. As | mentioned above, Nookandeh and coworkers reported this
occurrence during research on female SD rats, in which orally administered Xn was excreted within 48 h via faeces and
urine BY. Furthermore, Avula et al. investigated the resorption and metabolism of Xn in rat plasma, urine, and faeces
following its oral or intravenous (i.v.) administration 281, The authors found that plasma levels of Xn fell rapidly within 60
min after i.v. administration; no Xn was detected in plasma after its oral use. Moreover, Xn and its metabolites were
excreted mainly in faeces within 24 h of administration. Meanwhile, Pang et al. determined that facilitated transport was
not responsible for Xn uptake; rather, the accumulation in human colorectal adenocarcinoma (Caco-2) cells was
presumably caused by specific binding to cytosolic proteins. This is mostly owing to its biotransformation in the
gastrointestinal tract by hepatic enzymes and its accumulation in 70% on the apical side of Caco-2 cells. By binding to the
cytosolic proteins, about 93% of intracellular Xn was localised in the cytosol. As a result, this agent failed to induce an
effective therapeutic response at the intended site 57, It is also worth noting that research was also conducted to
determine the fundamental aspects of Xn absorption, distribution, and metabolism in male jugular vein-cannulated SD
rats. As a result, the authors carried out a single-dose pharmacokinetics (PK) study at three oral dose levels and one i.v.
dose level to assess bioavailability and dose-dependence of PK parameters. It was discovered that the dose-dependent
bioavailability of Xn emphasises the importance of additional investigation into Xn metabolism in order to elucidate and
optimise the potential health benefits of Xn and its metabolites [28]. Therefore, two years later, the same authors published



the data collected in healthy men and women to determine basic PK parameters for Xn in order to establish dose—
concentration relationships and predict dose—effect relationships in humans diagnosed with metabolic syndrome.
According to the authors of this study, the Xn PK exhibited a distinct biphasic absorption pattern, with Xn and IX
conjugates being the primary circulating metabolites following oral Xn administration in humans B2, The next study
attempted to determine whether, in healthy, normal-weight women, consuming a low dose of Xn, based on concentrations
found in 250 mL beer consumed with a light breakfast, influences the LPS-dependent immune response of peripheral
blood mononuclear cells (PBMCs) isolated following the intake of the hop compound 89, |t was proposed that acute
consumption of low doses of Xn extract may suppress the LPS-dependent immune response of PBMCs in healthy
women, and the beneficial effects of the hop compound were related to an inhibition of LPS binding to the cluster of
differentiation 14 (CD14). At the end of this chapter, | would like to mention two more articles presenting the protocols for
phase | and Il triple-masked, placebo-controlled clinical trials on Xn microbiome and signature in healthy adults (the XmaS
trial). The major goal of the first of them was to evaluate the clinical safety and tolerability of Xn in healthy and adult
patients. The researchers also examined biomarkers reflecting inflammation, gut permeability, bile acid metabolism, and
products of this compound metabolism in vivo, as well as the influence of Xn on the composition of gut microbial 81, The
performed preclinical studies have indicated that Xn has multiple therapeutic properties, involving modulating
inflammatory pathways through the FXR agonists, inhibiting the nuclear factor-kappa B (NFkB) activation, regulating gut
permeability, bile acid metabolism, and activating the nuclear factor erythroid 2 -related factor 2 (NRF2) to regulate
antioxidant protein expression. The study demonstrated that Xn might impact the expression of numerous downstream
genes in vivo, making it a possible Crohn’s disease (CD) treatment. Furthermore, it was discovered that Xn served as a
prebiotic for intestinal microbiota, altering the gut microbiota and its bacterial metabolites 1. Assuming in the second
study, the same authors monitored the safety and tolerability of the same amount of Xn (24 mg daily) in adults with
clinically active CD in a placebo-controlled phase Il clinical trial, as well as the effect of Xn on inflammatory biomarkers,
platelet function, CD clinical activity, and stool microbial composition €2, The investigators have noticed some limitations
since the trial began, but the findings of this study will add to the evidence base for the use of Xn for this disease patient
population. This was owing, among other things, to the demographic distribution of Portland, which limited the
generalizability of trial results; the fact that the population in the Portland area consumed a high volume of several types of
compounds prohibited in this study, as well as the rarity of CD in the general population. However, this phase Il trial
yielded a considerable amount of data for a straight comparison with an otherwise healthy group in the phase | trial [£2.
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